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1. INTRODUCTION

The purpose of this document is to present a model of the trapped
electron environment for solar minimum conditions. Solar maximum models
have been presented for the inner radiation zone by Teague and Vette
(1972A and B) and for the outer radiation zone by Singley and Vette
(1972A and B). These models are known respectively as AE-5 1967 and
AE-4 1967. The solar minimum model presented in this document consists
of an inner zone model (AE-5 1975 Projected) with an epoch of 1975, and
an outer zone model with an epoch of 1964. With only minor modi-
fications this latter model is identical to the AE-4 1964 model presented
previously by Singley and Vette (1972A and B). The model, however, has not
previously been issued in computer form. AE-4 1964 is based upon satellite
data, while the inner zone solar minimum model AE-5 1975 Projected consists
entirely of extrapolations from AE-5 1967. While the two components of
the solar minimum model have epochs 11 years apart, it is assumed that any
differences between the successive solar minima are smaller than the model

error, and the complete model is associated with an epoch of 1975.

This document is presented in two parts. Those readers interested
only in the model fluxes are directed to Sections 2 and 3 of the report.
Section 2 contains carpet plots of the model flux and the orbit-integrated
flux for circular orbits with altitudes in the range from 150 n.m. (278 km)
to 18,000 n.m. (33,300 km). In addition, this section refers to confi-
dence codes for AE-5 1975 Projected and presents revised codes for
AE-5 1967. Section 3 presents a brief description of the latest model-
associated computer programs issued by the National Space Science Data
Center (NSSDC). Detailed documentation of each computer program is
given in Appendixes B through D. These sections assume that the reader
is in possession of the previous program documentation presented by Teague
and Vette (1972A). A summary of the forms of the solar minimum model

available to a user is given in Appendix A.



Sections 4 and 5 of this document are intended for those readers
interested in the derivation of the extrapolated model AE-5 1975 and the
agreement between the existing electron models and data that have become

available since the generation of the models.

In Section 4, the derivation of the inner zone model is discussed.
Two distinct temporal variations are identified in the inner zone:
decay of artificial electrons and solar-cycle-associated changes. Model
AE-5 1967 contains a significant artificial flux component at low L values
and intermediate energies (~ 750 keV). The Starfish model presented by
Teague and Stassinopoulos (1972) is used to estimate the natural background
flux, and AE-5 1975 is therefore considered to be free of artificial
electrons. Solar-cycle-associated changes over the period 1967 to 1975

are estimated from observations made over the time period 1964 to 1967.

In Section 5, the inner zone models AE-5 1967 and AE-5 1975 Projected
are compared with a number of data sets that have become available since
those models were generated. A number of data sets are regarded as
provisional for reasons discussed in Section 4. Data from the following
satellites are presented: OGO 5 (West, et al, 1973), OV3-3 (Vampola 1969),
0V1-13 (Rothwell, et al, 1972), 0SO 4 (Knox 1972), AZUR (Achtermann, et al,
1970), Explorer 4 (McIlwain 1963 and Vette 1966) and Explorer 12 (Ackerson,
et al, 1966). In addition, the models are compared with OGO 3 (Pfitzer
1968) data. This data set was used for model AE-5 1967. In general, it is
seen that the agreement between the existing electron models and the

new data is acceptable.



2, THE SOLAR MINIMUM MODEL -~ GRAPHIC AND TABULAR PRESENTATION

The solar minimum model describes the trapped electron omnidirec-
tional flux environment for L values in the range 1.2 < L/(earth radii)
< 11.0 and for threshold energies in the range 0.04 < Ep/(MeV) < 5.0.
The model epoch is 1975.

Omnidirectional flux plots are presented in Figures 1 through 9 for
threshold energies ET = 40, 100, 250, 500, and 750 keV and 1, 2, 3, and
4 MeV, The omnidirectional flux is shown as a function of magnetic field
strength B (units of gauss) and L value (units of earth radii) in carpet
plot form. The use of this type of plot has been previously described
by Teague and Vette (1972B). With the exception of 40-keV electrons,
the inner and outer zones are mapped with three carpet plots. The first
map covers the inner zone up to the slot region minimum, the second map
covers the slot region to the outer zone maximum, and the final map covers
the maximum up to the edge of the outer zone. It will be noted that the
equator lines are not shown in Figures 1 through 9. These lines may be
obtained by drawing the envelope of the high-flux side of the lines of

constant L value,.

Singley and Vette (1972A and B) have discussed the temporal varia-
tions observed in the outer zone due to magnetic storms. These varia-
tions are described by statistical models associated with AE-4 1964 and
AE-4 1967. The outer zone plots presented in this document are appli-
cable to an average storm situation. For fluxes at other levels of
magnetic activity, the reader is referred to Singley and Vette (1972A).
In addition, the inner zone plots presented in this document are appro-

priate to an average storm situation.

For L values greater than approximately five earth radii, distor-

tion of the geomagnetic cavity by the solar wind becomes significant,



and the B-L coordinate system based upon an internal field becomes a
geometric system only. Consequently, a third variable, local time,
must be introduced to describe the flux. A local time model has been
presented by Singley and Vette (1972A and B); in the piesent document,
however, the plots presented are averaged over longitude, and for local

time variations the reader is referred to Singley and Vette (1972A).

Orbit-integrated flux carpet plots are presented in Figures 10
through 13. The flux accumulated per day is shown as a function of
energy threshold (MeV) and orbit altitude for circular orbits at inclin-
ations of 0, 30, 60, and 90 degrees. The altitude range from 150 n.m.
(278 km) to 18,000 n.m. (33,300 km) is covered in two plots at each
inclination to facilitate interpolation. In Figure 10, note that no
flux is shown for 150 n.m. (278 km) at O-degree inclination, since at
this altitude flux is accumulated in the anomaly region only. The data
presented in Figures 10 through 13 were obtained by "flying" the orbits
through the solar minimum model using Program ORP. This program is

available from NSSDC and is discussed and documented in Appendix C.

The carpet plots depicted in Figures 1 through 13 are available
from NSSDC in the form of black-and-white 35-mm microfilm. They may
be obtained using the order numbers MT-26C in the Nonsatellite Data
File (NSDF) for Figures 1 through 9 and MT-26B (NSDF) for Figures 10
through 13 (see Appendix A).

B-L and R-A flux maps are presented in Figures 14 through 19 for
threshold energies of 40 keV, 500 keV, and 1 MeV. These plots are shown
for the inner zone only. Outer zone plots have been presented previously

by Singley and Vette (1972A).

At each energy a single flux contour is shown from the solar maxi-
mum model AE-5 1967 for comparison with AE-5 1975 Projected. In Figures

14 and 17 the 1 x 108—e1ectrons/cn3—sec flux contour is shown for 40 keV,



At this energy the two models differ as a result of solar-cycle-
related long-term changes in the inner zone. In Figures 15 and 18, the
1 x 107-electrons/cm?®-sec contour for 500 keV is shown. The double-
peaked nature of this contour is evident from both figures. The inner
peak reflects the artificial (Starfish) flux component in AE-5 1967.
This component has decayed completely by 1975 (Teague and Stassinopoulos
1972). The outer peak is caused by natural electrons. However, the
flux does not reach this level in the 1975 estimate, due to reduced
magnetic activity at solar minimum. For 1 MeV, the 3 x 10°-electrons/
cm®-sec contour is shown in Figures 16 and 19. At this energy there is
also a significant artificial flux component in AE-5 1967; this, too,
decays completely by 1975. The reader is referred to Sections 4 and

5 for a more detailed discussion of the differences between AE-5 1967
and AE-5 1975 Projected. In addition, a document entitled "Comparison
of the Electron Models AE-4 and AE-5 with AE-2 and AE-3'" is shortly to
be issued by NSSDC (Hilberg, et al, 1974). This document will discuss
the differences between the old and the new generation of inner and

outer zone electron models.

To enable the user to assess the reliability of the solar minimum
inner zone model, a system of confidence codes has been adopted. These
codes are shown in Table 1., A similar table has been presented for the
solar maximum model AE-5 1967 by Teague and Vette (1972A), where a scale
of 1 to 10 was used. A code of 10 corresponds to the highest reliabil-
ity, with an expected error of a factor of two or less, and a code of
1 to the least reliability, with an expected error in excess of a factor
of 10. To maintain compatibility, the same codes are used here, al-

though it is evident from Table 1 that the highest confidence code is 8.

It is clear from Table 1 that the most inaccurate regions of AE-5
1975 Projected are the high-energy regions (E > 3 MeV), which were de-

rived entirely by extrapolation (even for AE-5 1967). The most accurate



regions are at low energy and low L value, for which temporal variations
are small. For additional discussions of the Table 1 confidence codes,
the reader is referred to Sections 4 and 5. As a product of the com-
parison of model AE-5 1967 with new data sets (Section 5), updated con-
fidence codes for this model have been generated. These are shown in
Table 2. They replace those previously presented by Teague and Vette

(1972A). Discussion of these confidence codes may be found in Section 5.



3, THE SOLAR MINIMUM MODEL - ASSOCIATED COMPUTER PROGRAMS

Three model-associated computer programs are now issued by the
National Space Science Data Center (NSSDC): Programs MODEL, ORP, and
ORB. The first two of these programs have been issued previously by
NSSDC in earlier versions (1.0). Documentation of these has been pre-
sented by Teague and Vette (1972A). Program MODEL provides the user
with the model flux at an arbitrary energy for an arbitrary point in
B-L space. Program ORP allows the user to fly an arbitrary orbit
through any of the models issued by NSSDC. The major modification to
these two programs has been to include the solar minimum model. De-
tailed documentation of the modifications to Programs MODEL and ORP
is given in Appendixes B and C. 1In addition, a discussion of the
accuracy of orbit-integrated fluxes is given in Appendix C. Appendixes
B and C are presented on the assumption that the reader has access to
the program documentation presented by Teague and Vette (1972A). The
third program issued by NSSDC, ORB, is a new program and is primarily
designed to generate orbit tapes for Program ORP. Detailed documenta-
tion of this program is given in Appendix D. A summary of the available

computer programs and model products is given in Appendix A.






4. DERIVATION OF AE-5 1975 PROJECTED

As noted in the Introduction, the solar minimum model presented
in this document is composed of two parts. The outer zone part of the
model is identical to the AE-4 1964 model presented by Singley and
Vette (1972A), except that smoothing has been performed to remove
irregularities in the average differential spectrum output by Program
MODEL, and to make the interface region between the outer and inner
zones smooth, The inner zone part of the solar minimum model is
referred to as AE-5 1975 Projected, and is derived solely from the
inner zone solar maximum model AE-5 1967, presented by Teague and
Vette (1972B).

In the context of temporal variations, the inner zone in 1967
may be divided into three regions, each with a dominant temporal varia-
tion. At low L values, (L < 1.6 earth radii), a decaying artificial
flux component exists for energies E > 400 keV. This artificial compo-
nent is the residue of the particles injected by the Starfish nuclear
explosion of July 1962. At intermediate L values (from 1.6 to 1.8
earth radii), the characteristic variation is a steady solar-cycle-
related change in the flux of particles with energies less than 500
keV. This variation is characterized by the solar cycle parameters
presented by Teague and Vette (1972A). At high L values (greater than
1.8 earth radii), the dominant temporal variation for E > 100 keV is
due to magnetic storms. Compared to the outer zone, magnetic storms
occur in the inner zone with a relatively low frequency, and it is
possible to determine a "'quiet day'" flux level between storms for most
energies. The change in the flux level at storm time, however, is
sufficiently large for magnetic storms to be the dominant factor in
determining the model in the outer edge of the inner radiation belt.
It is clear that storm-time flux changes at high L and steady changes

that occur at intermediate L values have the same source and are



separated only as a matter of convenience. In deriving AE-5 1975 Pro-
jected from AE-5 1967, efforts were made to account for the three

temporal variations discussed in this paragraph.

An additional factor concerning the 0V3-3 electron spectrometer
data (Vampola 1969) affected the derivation of AE-5 1975 Projected.
The energy ranges covered by this spectrometer are shown in Table 6.
At the time AE-5 1967 was generated, the only data set available in
the time period 1966-67 for L > 1.6 earth radii and E > 700 keV was
equatorial perpendicular flux as a function of time at various L values,
measured by OV3-3. This data set was supplied by Vampola. At lower
energies and L values a number of other data sets were available
(Teague and Vette 1972A). Subsequent to the derivation of AE-5 1967,
the estimated values of efficiency of the 0V3-3 spectrometer were in-
creased by a factor of four (Vampola 1972), with the result that the
flux levels were reduced by the same factor. Consequently, the fluxes
given by AE-5 1967 for L > 1.6 earth radii and E > 700 keV must be re-
garded as high estimates. In the derivation of AE-5 1975 Projected, an
attempt was. made to allow for the correction in the estimated efficiency
of the 0V3-3 spectrometer. The importance of the correction can be
assessed from Figures 20 and 21, in which various differential energy
spectra are shown for L values of 1.4 and 1.8 earth radii, respectively.
In each figure, the "uncorrected" 0V3-3 data are those data that were
available at the time of the generation of AE-5 1967. The '"corrected"
OV3-3 data comprise the latest OV3-3 data set available at NSSDC. This
data set was not used for the generation of either AE-5 1975 Projected
or the Starfish model (Teague and Stassinopoulos 1972), and is shown
for comparison purposes only. Comparing the '"corrected" and '"uncor-
rected'" OV3-3 data sets in Figures 20 and 21, it can be seen that the
two sets of data differ, in general, by less than a factor of four.
The discrepancy is thought to have arisen as a result of differing

assumptions concerning the pitch-angle distribution used to normalize
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the data to the equator, and as a result of scattering of the data.
Further discussion of the corrected OV3-3 data is given in the following

section.

In Figure 20, AE-5 1967 for E > 700 keV is substantjally a fit to
the uncorrected 0V3-3 data, with a decay factor included for the dif-
ference of epochs. The following procedure was adopted for determining
model AE-5 1975 Projected for those energies and L values (E > 700 keV,
L < 1.6 earth radii) for which AE-5 1967 contained a significant Star-
fish residual flux. A "corrected'" AE-5 1967 spectrum was obtained on
the basis of a compromise between a small amount of OGO 3 data (Figure
20) and the uncorrected 0V3-3 data, divided by four to account for the
efficiency change. The Starfish model of Teague and Stassinopoulos
(1972), which was not affected by the efficiency change in the 0V3-3
spectrometer, was then used to remove the artificial flux component.
The broken line in Figure 20 indicates the results of this procedure.
Summations of the solar minimum model and of the Starfish model for
September 1966 indicate reasonable agreement with corrected OV3-3

data from the same time period.

The above procedure was used for L < 1.6 earth radii and E > 700
keV. In this region, AE-5 1975 Projected is intended to reflect the
natural electron environment. Teague and Stassinopoulos (1972) have
shown that the artificial Starfish electrons are longest lived in the
inner zone at L=1,3 earth radii and E=1.6 MeV, approximately, and reach
the natural background approximately 8 years (July 1970) after Starfish
injection. Since the only data available for low L values and high
energies contain a significant artificial component, estimation of the
solar minimum model in these regions is an inaccurate process. This is

reflected in the confidence limits given in Table 1.
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In Figure 21 for L=1.8 earth radii, it is clear that the AE-5 1967
spectrum for E > 700 keV is a simple fit to the OV3-3 uncorrected data
set., For L > 1.8 earth radii at these energies, as noted at the begin-
ning of this section, the effects of magnetic storms become important.
Teague and Vette (1972B) showed that the ratio of average storm flux
to quiet day flux over an 18-month time period near solar maximum peaked
in the region of 1 MeV. This ratio increased from 1.2 at L=1.8 earth
radii to 35 at L=2.4 earth radii. It has not been possible, however,
to make meaningful estimates of how these ratios may vary with solar
cycle, nor is it known how the quiet day flux varies at high energies.
Consequently the solar mimimum model in these regions was obtained from
AE-5 1967 by correcting for the change in the efficiency of the 0V3-3
spectrometer. That is, AE-5 1967 for L > 1.3 earth radii and E > 700
keV was divided by four to obtain AE-5 1975 Projected, which may be re-

garded as a high estimate of the average storm flux at solar minimum.

For energies E < 500 keV, the inner zone exhibits a steady increase
in the quiet day flux from solar minimum to solar maximum. Teague and
Vette (1972A) have made a quantitative estimate of this steady increase
in flux from 1964 to 1967.

The ratio of the flux in late 1967 to that in late 1964 reaches
a peak at L = 2.0 earth radii, where it varies from 2.8 for particles
with energies between 36 keV and 133 keV, to 22 for particles with
energies between 292 keV and 690 keV. In terms of integral energies,
the solar-cycle ratios vary at L = 2,0 earth radii from 3.6 at 40 keV
to 6.9 at 250 keV.

Assuming that the 1975 solar minimum flux is similar to the 1964
solar minimum, these estimates may be used to obtain AE-5 1967 from

AE-5 1975 Projected. This procedure was adopted for all L values and
energies E < 250 keV.

12



Examples of the inner zone radial profiles for Models AE-5
1967 and AE-5 1975 Projected are shown in Figures 22 through 25 for
40, 250, and 500 keV, and 1 MeV. The profiles at these energies illus-

trate the various procedures used to derive AE-5 1975 Projected.

In Figure 22, the two models at 40 keV are related by the solar
cycle parameters discussed previously., Magnetic storm effects are
observable at 40 keV, particularly at high L values, but the magnitude
of the effects is not sufficient to affect the model significantly.

At 250 keV, storm effects become more important, but the effect on the
model remains minor even at high L values. With the exception of a
small Starfish component for L < 1.6 earth radii, the two model curves

in Figure 23 are related by the solar cycle parameters.

At 500 keV, the situation becomes more complex (as shown in Figure
24) because of an increased Starfish component and the impact of the
QV3-3 data., The solar minimum flux at 500 keV was primarily determined
by smoothing the spectrum between higher and lower energies where the
solar minimum flux was better defined; however, some explanation of the
differences between the two models should be given. For L < 1.6 earth
radii, where a significant Starfish component existed, AE-5 1967 was
determined as a compromise between the uncorrected OV3-3 data and the
0GO 3 data. Correcting for the 0V3-3 data yields the dotted curve shown
in Figure 24. Using the Starfish model of Teague and Stassinopoulos
(1972), the artificial flux component can be removed and the broken line
in Figure 24 may be regarded as an estimate of the natural solar maxi-
mum flux at 500 keV. The solar cycle parameters have been used to
obtain AE-5 1975 Projected at L < 2.0 earth radii. It should be noted
that whenever the solar cycle parameters were used to determine the
solar minimum condition, a smoothing of the radial profiles was per-
formed to obtain an acceptable model. In general, this smoothing re-
sulted in small changes in the solar minimum flux. However, more

substantial (approximately 80 percent) changes were necessary in the
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region around L = 1.8 earth radii at 500 keV. For L > 2.0 earth radii
at 500 keV, magnetic storm effects become significant and the solar
minimum radial profile is largely determined by smoothing with other

energies and L values.

For higher energies such as 1 MeV, shown in Figure 25, the Star-
fish component in AE-5 1967 at low L values becomes more significant
(an estimated 90 percent of the total flux at L = 1.4 earth radii).
For L < 1.7 earth radii, the same procedure for estimating the solar
minimum flux was adopted at this energy as was used at 500 keV, except
that solar parameters were not used. However, the accuracy of the
model is significantly reduced at 1 MeV because of the large Starfish
component in AE-5 1967. This is reflected in Table 1. For L > 1.7
earth radii, AE-5 1967 was determined on the basis of uncorrected
0V3-3 data. As noted earlier in this section, the solar minimum
model was determined simply by dividing by four. This procedure was
adopted for eunergies up to 3 MeV. HMinor corrections were made for
smoothing. At 4 MeV, correction was made for the Starfish component
only, but at this energy the model is most inaccurate, as indicated

by Table 1.

As noted earlier, the outer zone portion of the model presented in
this document is substantially the same as the AE-4 1964 model presented
by Singley and Vette (1972A and B). However, a certain amount of smooth-
ing has been performed, particularly at the inner edge of the outer
zone at high energies, to make the outer zone portion of the model com-
patible with the inner zone portion. The interface region between the
two portions of the solar minimum model is shown in Figures 26 and 27.
The dotted line indicates the interpolation performed for the inter-
face region, and the broken lines show the modification that has been
made to the outer zone model AE-4 1964. A minor amount of smoothing

has been performed on AE-4 1964 at higher L values than those shown in

14



Figures 26 and 27. This was done to make the average differential
spectrum smooth. In no case was AE-4 1964 changed by more than 30

percent.

Changes to the radial profiles and spectra between solar maximum
and minimum have been discussed in the preceding paragraphs. No modi-
fication has been made to the B dependence of the fluxes. Models AE-5
1967 and AE-5 1975 Projected have identical B dependences. Teague and
Vette (1972B) showed that there were small differences in the B depen-
dence of the artificial and natural flux distributions at certain L
values and energies. However, in the regions where AE-5 1967 contains
a large artificial component, the B dependence is not well known, and

no effort has been made to include B dependence variations.
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5. COMPARISON OF THE PRESENT INNER ZONE ELECTRON MODELS WITH NEW DATA SETS

In this section the inner zone models AE-5 1967 and AE-5 1975
Projected are compared with data from the following satellites: 0GO
5 (West, et al, 1973), OV1-13 (Rothwell 1972), 0SO 4 (Knox 1972), AZUR
(Achtermann 1970), OV3-3 (Vampola 1969), 0GO 3 (Pfitzer 1968), Ex-
plorer 12 (Ackerson, et al, 1966) and Explorer 4 (McIlwain 1963, Vette
1966). The electron data from OGO 5, 0V1-13, 0SO 4, and AZUR were not
used in the development of AE-5 1967 or AE-5 1975 Projected since they
have only recently become available to the National Space Science Data
Center (NSSDC). The OGO 5, Explorer 12, and Explorer 4 data have pre-
viously been compared with the Starfish model of Teague and Stassinopoulos
(1972). As discussed in the previous section, some OV3-3 data were used
in the development of AE-5 1967, but a more complete and more correct
data set is presented here. The OGO 3 data comprised the prime data
set used for AE-5 1967 and are presented here for comparison with the

new data sets.

Information concerning the type of detectors and their energy
ranges is presented in Table 3. This table summarizes the data avail-
able to NSSDC at the present time. Only a portion of these data sets
is presented in this document. Some analysis of the data sets and
experiments listed in Table 3 has been performed at NSSDC. The cali-
bration parameters used for the OGO 3 electron spectrometer are those
presented by Teague (1970). The efficiencies and energy ranges of
each channel differ from those presented by Pfitzer (1968). The
resulting fluxes presented here (and those used for determining AE-5
1967) are lower than those given by Pfitzer by a factor of approximately
two in Channel 1 and by 25 to 30 percent in the higher channels. The
0V3-3 data set has been determined using the calibration parameters
given by Vampola (1969) after correction for the factor-of-four
efficiency change (Vampola 1972). Correction has been made for the

variation of local pitch angle with time over the spectrometer cycle
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time. This correction resulted in a maximum change of 10 percent in
the flux observed at any given equatorial pitch angle. Analysis of
the OV1-13 and AZUR data sets is in progress, and the data presented
here are provisional. Data at higher energies than those indicated

in Table 3 are available from the OV1-13 detector. These data are

not shown at the present time because of problems with the calibration
parameters. Similarly, AZUR data are available for 4.5-MeV electrons
but are not displayed because of calibration problems. In addition,
no effort has been made to remove the 20-MeV proton contribution from
the 1.5-MeV electron flux measured by AZUR, owing again to calibration
problems., These data are presented as upper limits of the electron

flux only.

The data sets discussed in the previous paragraphs are compared
with models AE-5 1967 and AE-5 1975 Projected in Figures 28 through
50. Figures 28 through 34 show examples of differential flux equator-
ial pitch angle distributions for L < 1.8 earth radii, as measured by
0GO 5, 0SO 4, 0V1-13, OV3-3, and OGO 3, Examples of equatorial spectra
are shown in Figures 35 through 38 for L < 1.8 earth radii. For these
L values, magnetic storm effects are relatively unimportant, and a
good comparison between the model and the data can be anticipated. At
higher L values, storm effects are dominant. However, the model esti-
mates an average storm condition, with the result that comparison of
data and model is qualitative only. Examples of the equatorial pitch
angle distributions at these higher L values are shown in Figures 39
through 46 for data from 0GO 5, OV1-13, OV3-3, and OGO 3. In Figures
47 through 49, examples of the B dependence of the omnidirectional flux
by AZUR are shown for various L values. Figure 50 illustrates the

radial profiles measured by Explorers 4 and 12,

In general, where comparison can be made, the data from the 0GO 3,

0vV3-3, 0V1-13, and OGO 5 experiments show substantial agreement.
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However, there are a number of areas where conflict is apparent, notably
for the low-energy OV3-3 data. This may be seen from Figure 30 and
Figures 35 through 38. 1In the latter set of figures, each data point
has been normalized to the equator, where possible, by using the pitch
angle distribution given by that data set. In some cases, notably
with the 0GO 3 data, the model pitch angle distribution has been used.
With the exception of the two highest energy channels of the OGO 3
detector and the highest energy channel of the OGO 5 detector, the
pitch angle coverage in the region of the equator is good, and the
standard deviation of the equatorial values is less than a factor of
two. For the exceptions, a standard deviation of a factor of three
may be appropriate. It is clear from Figure 30 and Figures 35 through
38 that the fluxes from channels 8 and 9 (Table 3) are low in relation
to the other data sets. Further, tlie average differential flux mea-
sured by channel 8 (475 keV) is lower than that measured by channel 7
(approximately 250 keV higher), when in all other cases the spectrum

is monotonic at these energies. Also, in Figure 30 substantial dif-
ferences in the equatorial pitch angle distribution observed in Channel
8 of the 0V3-3 detector and other satellites is evident. OV3-3 in-
dicates an isotropic distribution for oy > 50 degrees approximately,
whereas 0G0 5, OV1-13, and OGO 3 show a clear decrease in flux for

ag < 65 degrees approximately. In the region of the cutoff, however,
substantial agreement can be seen among all data sets, Similar obser-
vations may be made for both Channels 8 and 9 when L < 1.8 earth radii.
At high L values, however, such as that shown in Figure 41, the pitch
angle coverage is such that equatorial observations are not made. Since
data from channels 8 and 9 were used to generate AE-5 1967, some dis-

cussion of the impact upon this model is in order.
Referring to Figure 30, it can be seen that model AE-5 for epoch

1967 is in substantial agreement with the 0GO 3 data for late 1967.
In general, AE-5 for this epoch was a fit to the OGO 3 data and was
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not influenced by 0V3-3 data. As a result the accuracy of AE-5 1967

at low energies (E < 500 keV) was not compromised. However, data taken
at earlier epochs, such as mid-1966 shown in Figure 30, were used in
the determination of the solar cycle parameters and the Starfish model.
The Starfish model presented by Teague and Stassinopoulos (1972) and
used for the generation of AE-5 1975 Projected has been corrected for
these effects. 1In Figure 30, AE-5 1967, back-dated to June 1966 by
using the Starfish model and the solar cycle parameters, shows good
agreement with OGO 3 data obtained at the same time period. This results
from the fact that the uncorrected OV3-3 data available at the time
AE-5 1967 was generated were a factor of four higher at the equator
than the OV3-3 data shown in Figure 30, and apparently showed good
agreement with the 0GO 3 data.

The conclusions concerning the low-energy OV3-3 data are that chan-
nels 8 and 9 are apparently anomalous, both in terms of the equatorial
value and the pitch angle distribution, for reasons that are presently
not understood. However, the accuracy of AE-5 1967 at low energies
is not compromised, since this model generally favored the OGO 3 data

that subsequently showed good agreement with OGO 5 and OV1-13 data.

The high-energy OV3-3 data (Channels 1 through 7 in Table 6) gen-
erally show reasonable agreement with other data sets. This may be seen
for Figures 29, 34, and 35 through 38. At low L values where the flux
is influenced by Starfish electrons, good agreement can be seen between
the OGO 3 and 0V3-3 data (Figures 35 and 36). At higher L values
(Figures 37 and 38), there is reasonable agreement among the OV1-13,
0GO 5, and 0OV3-3 data, except for E > 1 MeV at L = 1.6 earth radii,
where a decaying Starfish component is present in late 1966. In Figure
34 the pitch angle distributions observed by OV1-13 and OV3-3 are seen
to be very similar. In Figure 29, however, some differences between

the OV1-13 and OV3-3 equatorial flux can be seen for electrons with
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energies in the neighborhood of 700 keV. The 0V3-3 data for the earlier
epoch are believed to contain a small Starfish component, so the dif-
ferences between the two data sets may be explained by a solar cycle
effect occurring after the artificial component decayed. This supposed
solar cycle effect is not observed at the same energy at L = 1.8 earth

radii (Figure 34), however.

The OGO 5, OV1-13, and OGO 3 data may be compared in Figures 30,
32, and 35 through 38. The experimenter's calibration parameters have
been used for OGO 5 and OV1-13, and no assessment of these parameters
has been made by NSSDC. For the 0GO 3 spectrometer, however, the cal-
ibration values given by Teague (1970) have been used. Differences
between these values and those given by Pfitzer (1968) result in differ-
ences of a factor of two in the flux at low energies and differences
of a smaller factor at high energies. For E < 400 keV, the 0GO 5 data
tends to be higher than the 0GO 3 data. This tendency may be observed
in Figure 30 and Figures 35 through 38. At L = 1.4 earth radii, the
difference is as high as a factor of two.* For energies in the neigh-
borhood of 550 keV, the OGO 5 data is slightly higher than the OV1-13
data (Figures 35 through 38), and in most cases slightly higher than
the 0GO 3 data. Again, in the region of 900 keV, the OGO 5 data is
higher than the 0OV1-13 data by a small amount.

*In the course of review of the document, it was pointed out by Dr. H.
West that the apparent differences between the 0GO 3 and OGO 5 low-
energy fluxes suggest that Pfitzer's calibration values for the lowest
energy channels may be more appropriate than those used in this docu-
ment. At some L values (L = 1.4 earth radii, for example, in Figure 36)
the use of Pfitzer's low-energy calibration value would improve the
agreement between the two data sets. In other cases, however, such as
L =1.6 or 1.8 earth radii (Figures 37 and 38), this is not the case.
It should be stated that with electron modeling, it has generally been
the experience of the authors that agreement within a factor of two be-
tween two given data sets is the best that can be expected.
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Pitch angle distributions observed by 0GO 3, 0GO 5, OV3-3, and
QV1-13 at L = 2.0 and 2.4 earth radii are shown in Figures 39 through
46. At these L values the comparison between various data sets must
take into account the degree of magnetic activity for E > 100 keV,
approximately, and these figures are intended to give an indication of
the variability of the absolute-flux levels with magnetic activity.
Although the data shown here for magnetically active periods have poor
equatorial pitch angle coverage, in general the shape of the pitch
angle dependences in this region of space are not strongly energy
dependent and, with the exception of the first few days following a
major event, this shape is given by that for energies E < 100 keV. 1In
Figures 39 through 46, data are shown for periods before and after the
September 1966 magnetic storm (peak letl = 229 on day 247, 1966) and
before and after the June 1968 storm (peak ]Dstl = 94 on day 163, 1968).
In the neighborhoods of 80 keV and 158 keV, no storm effects are evident
from the 0GO 5 data (Figures 39 and 40). At E z 280 keV, clear storm
effects are evident in both the OGO 5 data (shown for times before and
after the 1968 event) and the OV3-3 data (shown for two periods after the
1966 event). Storm effects became most pronounced between the energy
levels of 500 keV and 900 keV, shown in Figures 42 through 44. In these
plots OGO 5 and OV1-13 data may be compared for the relatively quiet
period before the June 1968 event, and these data may be compared with
0V3-3 and OGO 3 data from relatively quiet periods in 1966. It should
be noted that some of the OGO 5 data shown in these figures were taken
30 days after the mild event occurring in February 1968 (peak |Dst| =
123 on day 42). These data show no enhancement over the general quiet
background, while ten days after the June event, however, considerable
enhancement is evident. These observations indicate that a rapid {less
than 30 days) depletion of storm-time flux can occur at these L values.
Markedly longer depletion times are evident at lower L values. In
Figures 42 through 44, fair agreement may be observed between the var-

ious quiet-time data sets, but some spread of the data resulting from
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varying degrees of magnetic activity is evident. 1In Figure 45 the
1.22-MeV 0V3-3 data are shown at L = 2.0 earth radii for two epochs
following the 1966 event. Magnetic storm effects are evident. How-
ever, at 1.76 MeV, shown in Figure 46, little or no storm effects can
be seen, indicating the reduced affect of storms at very high energies.
This has been noted previously by Teague and Vette (1972B), who re-
ported a peak storm effect at E ~ 900 keV.

In comparing the new data sets presented here with the models,
it should be noted that the epochs of most of the data are comparable
with that of AE-5 1967. As a result, the confidence codes for AE-5
1967 are modified, and these in turn affect the projected model
AE-5 1975. The atmospheric cutoff region of AE-5 for L < 1.8 earth
radii is confirmed by the 0SO 4 data (Figures 28 through 34). In most
cases new data from other satellites are available for comparison in
this region, and these are in general agreement with the model cutoff.
A possible exception is L = 1,7 earth radii, shown in Figures 32 and
33, where the equatorial pitch angle of the model cutoff is apparently
too high. This effect is more pronounced at the low energies, shown
in Figure 32, than at the higher energies, shown in Figure 33. At
higher L values (L > 1.9 earth radii), no new data are available in the

cutoff region, and the model cutoff cannot be confirmed.

For energies less than 500 keV, AE-5 1967 was primarily determined
from the OGO 3 data., The equatorial flux given by AE-5 1967 is
therefore seen to be slightly lower than the OGO 5 data at most L
values. The possible reasons for the small differences between the
OGO 3 and OGO 5 data have been discussed previously. At high L values
(L > 2 earth radii), the OGO 3 data provided poor pitch angle coverage.
In Figure 39 it can be seen that the model pitch angle distribution
at L = 2.4 earth radii underestimates the equatorial flux at 80 keV.

At a slightly higher energy at the same L value (Figure 40), however,

the model pitch angle distribution shows good agreement with the data.
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At most energies and L values the shape of the pitch angle distri-
bution given by AE-5 1967 agrees very well with that given by the
new data sets. This pitch angle distribution is unchanged for

AE-5 1975 Projected.

Some deficiencies may be present in the equatorial fluxes given
by AE-S5 1967 for energies greater than 700 keV, largely as a result of
the use of uncorrected 0V3-3 data in determining this model. The
differences between the model and the data at high energies may be
observed in Figures 29, 31, and 33 through 38. In each case, AE-5
1967 is too high by a factor between 1.2 and 4. This model must be
regarded as a high estimate of the 1967 flux for energies greater than
700 keV, as noted in the previous section. A change in the 0V3-3
spectrometer efficiency by a factor of four has been incorporated into

AE-5 1975.

In Figures 35 through 37, the Starfish model of Teague and
Stassinopoulos has been used with AE-5 1975 Projected to obtain the
high-energy model flux for the two epochs September 1966 and March 1968.
The model and the data agree within a factor of two at these epochs.

For L = 1.8 earth radii, shown in Figure 38, good agreement is seen
between the high-energy AE-5 1975 Projected spectrum and the OV1-13
and corrected OV3-3 data.

For the high L values, shown in Figures 41 through 46, magnetic
storm effects dominate. The model represents an average storm flux.
As a result, the level of agreement between model and data is dependent
upon the degree of magnetic activity. In the course of developing
AE-5 1967, an estimate of the quiet-day flux at high L values was made.
This estimate was based upon uncorrected OV3-3 data for energies greater
than 500 keV, Correcting for the efficiency changes in the OV3-3 spec-

trometer (a factor of four), the quiet-day flux estimates shown in Figures
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42 through 44 were obtained. It can be seen that these estimates lie
below the quiet-time data by a factor of two to three. In general, the
magnetically distributed data shown in Figures 41 through 46 are in

the region of the AE-5 1967 model curve, and it would seem likely that

this model is a high estimate of the average storm flux in 1967.

A comparison is made between the AE-5 models and the AZUR 1.5-MeV
data in Figures 47 through 49. The B dependences of the omnidirectional
flux are shown for L = 1.8, 2.0, and 2.4 earth radii. As indicated by
Table 3, the AZUR detector also measured 20-MeV protons. Protons have
not been removed from the data shown in these figures because of
uncertainties with proton counting efficiency; it is estimated that as
much as 60 percent of the observed counts may be due to protons. In
view of the probable proton contribution, the .agreement between the AZUR
data and the models is considered to be good. However, the data do
indicate a slightly flatter B dependence than that given by the model,

particularly at L = 2.4 earth radii.

The only available estimate of the natural electron population of
the inner zone before the artificial injection event of 1962 has been
provided by the Explorer 4 and Explorer 12 satellites. As indicated by
Table 3, both detectors were sensitive to protons and electrons. At
the time the Explorer 4 measurements were made, it was assumed that the
total inner zone counting rate came from energetic protons (McIlwain,
1963). An upper limit to the electron flux is obtained by assuming
all counts came from electrons, as Ackerson and Frank (1966) have done
for the Explorer 12 inner zone measurements. These upper limit radial
profiles for 1.6-MeV and 2-MeV electrons are shown in Figure 50. How-
ever, it is estimated that at least 50 percent of the observed count
rate is due to protons. For L > 1.4 earth radii, the Explorer 4 data
have been extrapolated to the equator, using the B dependence of the
proton model (Vette 1966). For L > 1.6 earth radii, the Explorer 12

data have been extrapolated to the equator.
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The equatorial values presented by Ackerson and Frank (1966) are
shown in Figure 50; it 1s estimated that these equatorial values are
accurate to within 50 percent. The 1.5-MeV AZUR data are shown for an
epoch of December 1969, With the possible exception of L = 1.3 and
1.4 earth radii, where a small artificial flux component may remain,
the AZUR data are considered to be an upper estimate of the natural
electron flux at 1.5 MeV. The agreement between the AZUR and Explorer
12 data with similar electron and proton thresholds is reasonable.
Model AE-5 1975 Projected shows reasonable agreement with the data at
1.6 MeV. At low L values the Explorer 12 data appear higher than the
model., A large proton contribution is expected in this region. At
high L values the Explorer 12 data also appear higher than the model.
It is possible, therefore, that these data are affected by the large
magnetic storm event of July 1961 (peak letl =144 on day 208, 1961).
At 2 MeV, model AE-5 1975 Projected appears higher than the data at
most L values, particularly when it is considered that the data contain
a significant proton contribution. There is some doubt, however, about
the electron energy threshold of the Explorer 4 detector, and therefore

the 2-MeV value quoted may be regarded as a minimum energy threshold.

In conclusion, it should be stated that the best accuracy that can
be expected for an electron model is a factor of two. Consequently,
differences of less than this factor between model and data set or
between data set and data set can be regarded as relatively unimpor-
tant from a modeling point of view. Thus, in most cases, the agree-
ment between the various data sets presented, and that between model
AE-5 1967 and the data sets, is regarded as good. The two exceptions
are: (1) the two low-energy channels of the QV3-3 detector, which
seem anomalously low in relation to the other data sets, and (2) the
high-energy (E > 700 keV) portion of AE-5 1967, which is higher by a
factor of three to four than the corrected 0V3-3 data set. 1In respect

to the last item, it should be noted that the confidence code quoted by
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Teague and Vette (1972A) for the high-energy AE-5 1967 spectrum

denoted accuracy within a factor of three or four.

The results of the comparison between the new data sets and the
solar maximum model AE-5 1967 have been used to reevaluate the con-
fidence codes presented by Teague and Vette (1972A). The new codes
are shown in Table 2, These differ from those presented previously,
primarily as a result of the general good agreement between AE-5 1967
and the new data for L values between 1.3 and 1.9, for E < 700 keV.

The B dependence of the model at high energies (E > 700 keV) has been
confirmed, but no improvement in the confidence code results because of
the correction to the OV3-3 spectrometer efficiency. Similarly, the

B dependence of the model at low energies and high L values (L > 2
earth radii) has been confirmed in some cases, but in others minor
differences between the model and data are observed, and no change in
the confidence code is given. Confidence codes have been estimated for
AE-5 1975 Projected and are shown in Table 1. The same scale of 1 to
10 is adopted, although the highest confidence code that occurs is 8.
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APPENDIX A
MODEL FORMS AVAILABLE TO USERS

The following forms of model-related information are available from

the National Space Science Data Center.

Documents:

1. AE-4 outer zone electron model documentation. Singley and
Vette 1972 A and B.

2. AE-5 solar maximum inner zone electron model documentation.
Teague and Vette 1972 A and B.

3. Starfish Electron Model. Teague and Stassinopoulos 1972.

4. Comparison of the new generation of electron models, AE-4 and
AE-5, with the old electron models, AE-2 and AE-3. Hilberg, et al,
1974,

Computer Programs:
1. Program MODEL, Version 2.0. BCD and EBCDIC punch. Available

with any or all of the model BLOCK DATA subprograms: AE-5 solar maxi-
mum (AESMAX), AE-4 solar maximum (AE4MAX), AE-5 solar minimum (AESMIN),
AE-4 solar minimum {(AE4MIN) and a smoothed version of the proton models
AP-5, AP-6 and AP-7 (PROTON).

2. Program ORP, Version 2.0. BCD and EBCDIC punch. Available with
any or all of the model BLOCK DATA subprograms described in Program MODEL.

3. Program ORB, Version 1.0. BCD and EBCDIC punch. Two versions
are available: Version 1.1 with a Brouwer orbit generator for eccen-
tricities greater than 0.1, and Version 1.2 with a Lyddane orbit gener-

ator for eccentricities smaller than 0.1.
Microfilm:

The following information is available on 35-mm microfilm:

1. Carpet plots as Figures 1 through 9 in black and white. Use
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reference number MT-26C in the Nonsatellite Data File.
2. Carpet plots as Figures 10 through 13 in black and white. Use

reference number MT-26B in the Nonsatellite Data File.
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APPENDIX B
PROGRAM MODEL, VERSION 2.0

The major modification to Version 1.0 of MODEL has been the inclu-
sion of the solar minimum model presented in this document. The BLOCK
DATA subprograms are designated AE4MIN and AESMIN for models AE-4 1964
and AE-5 1975 Projected, respectively. The COMMON statements are in-
cluded in subroutine TYPE. With reference to page 14 of Teague and
Vette (1972A), the solar minimum model may be accessed by setting the
variable MTYPE in column 9 of card a to 3. The appropriate header
information is generated by MAIN. The meanings of other input vari-
ables for Version 1.0 remain unchanged in Version 2.0. The same re-
strictions on the average differential flux calculations for the solar
maximum model are applicable to the solar minimum model (page 12 of

Teague and Vette 1972A).

The second modification concerns the default B intervals used in
the output tables for IDEF=0. In Version 1.0, linear B intervals are
used at each L value, with the interval size being set to give approx-
imately 25 B values at each L value. This algorithm provides poor
resolution at high B values. Version 2.0 contains a semi-logarithmic
algorithm for reducing the B interval at high B values where L > 2.8
earth radii. A final minor modification is that the lines of the out-
put tables corresponding to different B values are numbered in Version
2.0.

A summary of the computer decks available with Program MODEL Ver-

sion 2.0 is given in Appendix A.
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APPENDIX C
PROGRAM ORP, VERSION 2.0

C.1 Program Documentation

Substantial changes have been made to the input and output of Pro-
gram ORP, Version 1.0. Changes have been made to the input of Version
2.0 to give ORP the potential of executing in less computer time. Ulti-
mately, however, the execution time is dependent upon the time period
covered by the input orbit tape and the time increment used for the
orbit. 1In the latter part of this section, consideration is given to
the relation between these parameters and the accuracy of the output
tables provided by ORP.

Two new input parameters are included in Version 2.0 of Program
ORP. The first parameter, ISKIP, controls the number of points read
from the input orbit tape and passed to the model interpolation rou-
tines. This parameter may be used when it is known that too many
points are stored on the input tape. When ISKIP is set at 2, one-half
of the points read from the tape are passed on to the model; if ISKIP
is set at 5, one-fifth of the points will be passed to the model inter-
polation routine. Considerable savings in execution time will result
from the use of this parameter. Use of this parameter, though, might
also affect the accuracy of the resulting output tables. This problem

will be discussed later in this section.

A second parameter, ITAPE, allows the input of either binary or BCD
tapes. In general, binary tapes are preferred, since substantially less
computer time is required to input unformatted tapes than formatted
ones. When a list of items is being read or written under format con-
trol, each item in the list must be passed to special programs in the
FORTRAN I/0 package for the necessary conversion. The use of binary

input tapes bypasses this conversion. Tests performed on an IBM 360/75
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with ORP indicated that as much as 25 percent of the execution time

can be saved by using binary input tapes.

With reference to page 25 of Teague and Vette (1972A), the field of

input card a for ORP has been extended to include the two new para-

meters:
Card No. Variable Name Cols Format Function
a cont ISKIP 71-72 12 Controls number of

input points passed
to model (one in
every ISKIP). If
field is blank,
ISKIP=1.

ITAPE 73-74 I2 ITAPE = 0 for binary
input tape; = 1 for
BCD input tape.

The format of the BCD input tape remains as described on pages 22 and

23 of Teague and Vette (1972A). Either binary or BCD tape is input

on logical unit 10. The first record of the tape must contain arbitrary
header information. Subsequent records must contain the six variables:
longitude (degs), latitude (degs), altitude (km), magnetic field strength
(gauss), McIlwain L parameter (earth radii) and time from start of orbit
(hours). The end of the orbit is recognized by an altitude of -100 km

or less. The orbit generation Program ORB documented in Appendix D is
designed to output orbit tapes in the correct format for input to Pro-

gram ORP Version 2.0.
The solar minimum model described in Section 2 of this document may

be obtained by setting the parameter MODEL on card a equal to 3 (Teague

and Vette 1972A, page 24). To avoid unnecessary subroutine calls, sub-
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routine TYPE has been eliminated from ORP Version 2.0 and the COMMON
statements for the BLOCK DATA subprograms AE4MIN and AESMIN are entered
into MAIN. A summary of the computer decks available with Program ORP

Version 2.0 is given in Appendix A.

Program ORP is able to output any or all of the following six
tables under control of the parameter TABCON described on page 23 of
Teague and Vette (1972A): Point by Point (PP) Table, L-band Summary
(LS) Table, Integrated Flux (IF) Table, Intensity Summary (IS) Table,
Peak Flux per orbit (PF) Table, and the Four-Orbit Summary (FOS) Table.
Modifications have been made to all tables except the IF and FOS Tables.
Some of the modifications are cosmetic, but a number of new indices
have been added to the tables to enable the user to assess the relia-

bility of the orbit-integrated fluxes.

An example of the PP Table output by Version 2.0 is shown in Fig-
ure 51. The point flux is output at three energies determined by the
energy ET, input on card a (Teague and Vette 1972A, page 24). The cen-
ter energy is the energy nearest to ET contained in the E energy array,
input on cards b and c¢. The next lower and higher energies in this
array are also output in the PP Table. If the length of the E array
is less than three, the point flux is given for each energy E. Pro-
gram ORP automatically rejects points for which B and L are zero.

That is, these points are not passed to the model interpolation rou-
tines, with a consequent saving of computer time. As will be discussed
in Section 3.3, Program ORB is able to write zeros on the tape for B
and L when it is known that the satellite orbit is outside the radia-
tion belts. These points are automatically omitted in the PP Table,

and a statement of the number of omitted points is given.
An example of the LS Table is shown in Figure 52. This table

differs from the Version 1.0 table primarily because of the addition

of three sets of sample sizes NP1, NP2, and NSIZE, each defined in the
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table footnote. The energy array used for the LS Table is that input
on cards b and ¢. NP1l is the number of non-zero fluxes encountered in
the L band given for the lowest energy of this array. NP2 is given
for that energy in the E array nearest to ET, input on card a. NSIZE
is the number of orbit points lying in each L band. The use of these
indices is discussed in subsequent paragraphs. The L ranges used for
the LS Table are specified in subroutine STORE. The parameter 'Time
Interval' output at the top of the LS Table refers to the last two
points on the orbit. For highly eccentric orbits the time interval
may vary considerably with altitude, and the value output for 'Time

Interval' will be of limited use.

An example of the IS Table is shown in Figure 53. The intensity
ranges used for this table are specified by a DATA statement in sub-
routine FLITAB. The sample size of each accumulated flux is printed
out as described in the table footnote. Discussion of the use of this

parameter is given in later paragraphs.

An example of the PF Table is shown in Figure 54. A nominal
orbital period, T, has been added to this table. This is computed
using the expression

T = Tg (1 + hy)®/?,

where TC is the Schuler Period, equal to 84.347 minutes (Nelson and
Loft 1962), and hg,, is the average altitude in earth radii determined
by summing at successive orbit points over the total orbit time. This
period may be in error for a small number of revolutions of eccentric
orbits if the last revolution is partial. ORP computes a revolution
in differing fashions for zero and non-zero inclinations. For zero
inclination, 0 hours local mean time is used, while for non-zero in-
clinations a south-to-north equatorial crossing is used. In Version

2.0 of ORP, the appropriate longitude of the end of each revolution is
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given with the appropriate header information. It is very likely that
the last revolution is a partial revolution cnly; in this case an appro-
priate message is output as shown in Figure 54. The PF Table will

terminate at 50 revolutions with an appropriate message.

C.2 Accuracy of the Orbit-Integrated Fluxes

In this section a discussion of the accuracy and utility of the
tabular output of ORP is given. The solar minimum model accuracy is
summarized in Table 2 of this document, and the similar table given by
Teague and Vette (1972A) for the inner zone solar maximum model has
been updated in Table 2. It is clear that at best the orbit-integrated
fluxes are no better than the models used with the orbit. However, a
number of other effects may result in additional errors in the accumu-
lated fluxes. For instance, table accumulation errors may result from
basing the sample size on an orbit of finite length. For certain
orbits accumulating a significant portion of the integrated flux from
regions of steep gradients in flux, the type of orbit generator used
may become important. The distinction is drawn between "errors'" in
the accumulated fluxes and '"limitations'" of the accumulated fluxes.

The latter item is discussed first.

"Limitations" of the accumulated fluxes arise as a result of var-
ious time averagings performed in the model. The variation in the flux
level due to magnetic storm effects is known to be considerable in the
outer zone and the outer edge of the inner zone (L > 1.8 earth radii).
A variation about the average flux of approximately one order of magni-
tude may be regarded as typical in the outer zone. The BLOCK DATA sub-
programs issued by NSSDC represent the average storm situation in the
radiation belts. The orbit-integrated fluxes, therefore, represent the
same average Ssituation, and the question arises of the time required
for the satellite to accumulate this average. The frequency of occur-

rence of magnetic storms in the outer zones is high, and it is not
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possible to isolate magnetically undisturbed periods. As a result the
satellite accumulates the storm-averaged integrated fluxes to a rea-
sonable degree of accuracy in a matter of weeks for outer-zone-domin-
ated fluxes. As noted by Teague and Vette (1972B), in the outer

edge of the inner zone region the frequency of occurrence of magnetic
storms is low in relation to the outer zone frequency, but considerable
enhancement of the flux is observed when a storm does occur. For in-
stance, over the period mid-1966 to late-1967 only three significant
excursions of the flux above a quiet-day value were observed for L >

1.8 earth radii. However, these three excursions were largely respon-
sible for determining AE-5 1967 for energies between 0.5 and 2 MeV
(Teague and Vette 1972B). For orbits accumulating a significant per-
centage of the flux from the outer edge of the inner zone (low-inclin-
ation circular orbits in the region of 7000 km, for instance), the actual
mission time required to accumulate the storm's average orbit-integrated
flux given by the model subprograms may be as high as one year. In
addition to these orbit-integrated effects, the tables providing infor-
mation concerning point fluxes must be kept in perspective. In partic-
ular, the Peak Flux per orbit (PF) and the Point by Point (PP) Tables
provide averaged fluxes that may differ from the actual observed value

by an order of magnitude (up or down) due to magnetic storm variation.

A second averaging process has been performed for the model con-
tained in the BLOCK DATA subprogram. The outer zone model has been
local time or longitudinally averaged. The local time parameter is
included in the outer zone model for L > 5 earth radii, approximately,
to account for cavity distortion. By using a local-time-averaged
model for accumulating orbit-integrated fluxes, it is implicitly
assumed that the satellite averages over local time in its orbit; that
is, it samples all local times with equal weighting. This is clearly not
correct for many orbits and for those orbits for which it is a rea-
sonable assumption that the actual mission time required to observe the

average obtained from the model subprogram may be considerable. It is
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not possible to estimate what this time might be, but the observed

flux can differ from the averaged flux by a maximum of the local time
variation contained in the outer zone model. However, it is very
probable that the actual effect is less severe than this. Stassinopoulos
(1974) has investigated a synchronous orbit with eccentricity 0.18

and inclination 45 degrees. This orbit does not sample all local times
equally, and a comparison of the local-time-averaged orbit-integrated
filuxes with those accumulated accounting for the variation of local

time showed typical differences of factors of two or three.

In the previous two paragraphs, "limitations' of the orbit-inte-
grated fluxes have been discussed. It is not easy to interpret these
in terms of "errors'" in the accumulated fluxes since these are based
upon items that are not quantitatively well defined. However, one
source of error can be referred to as table accumulation error. This
results from the use of a finite orbit to estimate the actual coverage
of the arbitrary accumulation bins encountered by the satellite. The
magnitude of this effect may be estimated by varying both the length
of time the orbit is flown (total time) and the time increment between
successive orbit points (time interval) and observing the effect on
the tabular output of ORP. In general, accumulation errors are de-
pendent on the size of the accumulation bin and the number of inde-
pendent variables used for the accumulation. That is, the IS and LS
Tables are more susceptible to accumulation error than the IF Table,
since the former accumulates on two independent variables (intensity
and energy, L-band and energy) whereas the latter uses only one
(energy). Using the accumulation bins shown in Figures 52 and 53,
the total times and time intervals required for accumulation errors in
the IS and LS tables to be less than a factor of two were determined
for circular equatorial and polar orbits at altitudes of 150, 1500,
5000, and 15,000 n.m. (approximately 278, 2778, 9260, and 27,780 km,
respectively). For higher L-values than those shown in the LS

Table (Figure 52), 0.l-unit increments in L were used up to L=3
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earth radii, 0.2-unit increments up to L=6 earth radii, and 0.5-unit
increments for higher L-values. The required time intervals and

total times are shown in Table 4, These times are those for the
maximum error to be less than a factor of two. Most accumulated
fluxes will be more accurate than this, and determining which fluxes
are subject to accumulation error will be discussed in a following
paragraph. From Table 4, it is clear that there is considerable vari-
ation of the required time interval and total time with orbit. High-
inclination orbits require more total points and more points per revo-
lution than low-inclination orbits. Further, low altitudes require
more total points than high altitudes. The first requirement results
from the fact that higher inclination orbits spend a smaller propor-
tion of each revolution inside the belts than the lower inclinations.
The second requirement results from the fact that low-altitude orbits
are influenced significantly by the South Atlantic anomaly region,
which is traversed for a comparatively small proportion of some revo-
lutions. At 150 n.m. (278 km), flux is accumulated in the anomaly
region only, and the figures in Table 4 at this altitude are given

for 30 degrees inclination. To reduce the maximum accumulation error in
the IS and LS Tables to a factor of two or below requires a consider-
able increase in the total number of orbit points. To reduce the
maximum error to 30 percent, the number of orbit points must be doubled
or even tripled, thereby increasing the computer time by an almost
equal amount. In view of the limitations of these tables, this in-
crease is entirely unwarranted. As noted above, tables other than the
IS and LS Tables have small accumulation errors only, and fewer orbit
points are needed for these tables. In Table 4, the values in paren-
theses are those required to give a maximum accumulation error of 30

percent in the FOS and IS tables,

As a guide to suitable values of time interval, T;, and total time,

Tp, the following expression,

log, ,T or loglérp = a, log, , (altitude) - a, X (inclination) - a, - 2,

1 3
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may be used with the coefficients given in Tables 5 and 6 for time
interval and total time, respectively. In this equation, T; is given
in minutes, TP in days, altitude in nautical miles, and dinclination in
degrees. These coefficients provide suitable circular orbit parameters
for the IS and LS Tables. For the remaining tables, the toftal time
may be reduced by a factor of 1.5, and the time interval increased by
the same amount. For eccentric orbits, equation 2 may be used ko
determine the time interval at apogee and perigee; if Program ORB is
used to generate the orbit, the time interval may be varied linearly
with altitude between these extremes (Section 3.3). The total time
used for the orbit should be that determined from equation 2 for
apogee. If the orbit to be input to Program ORP is already in exis-
tence and the time interval is less than that given by equation 2, the
ISKIP parameters discussed earlier in this section may be used to in-
crease the time interval. If the time interval is greater than that
given by equation 2, it should be appreciated that accumulation errors

greater than a factor of two may result in the IS and LS Tables.

The indices included in the Intensity Summary and L-band Summary
Tables may be used to assess the reliability of the accumulated fluxes.
It is important to use these indices, as the accumulation errors dis-
cussed in previous paragraphs do not affect all accumulated fluxes.
For the L-band Summary Table (Figure 52), L bands for which the spec-
trum is hard are suspect, particularly those for which NSIZE is less
than 30. Small sample sizes (fewer than five samples) are suspect in
general, as are accumulated fluxes in energy bins for which NP2 is
considerably different from NSIZE or NP1l. For the Intensity Summary
Table (Figure 53), the accumulated fluxes that are most suspect are
the smaller fluxes that occur with small sample sizes (fewer than 30

samples).

An additional item may affect the accumulated fluxes and the point

fluxes determined by Program ORP. For orbits and energies where the
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flux accumulation arises predominantly from regions of steep gradient

in the model, the orbit generator used may significantly affect the
tabular output of ORP. Orbits in this category include low-altitude
satellites at low inclination that accumulate flux from the steep-grad-
ient region at the inner edge of the inner zone, and satellites that
accumulate flux from the horns of the outer zone where the flux is
varying rapidly with B. In general, orbits for which the orbit gener-
ator used may be important are also orbits for which the model error

is particularly high, and thus the use of a sophisticated orbit generator

does not significantly improve the accuracy of the accumulated fluxes.

The question arises as to how differences between predicted and
observed orbits affect the accumulated fluxes, that is, how much will
the observed flux differ from the predicted accumulated flux due to
small differences between assumed and observed orbits? Orbits for which
the orbit generator used is important are also the orbits for which
small deviations from assumed orbit will significantly vary the accumu-
lated fluxes. Since in these cases the flux differences between
planned and achieved orbits may be as great as those between different
generators, even the most sophisticated orbit generator will probably
not result in more accurate accumulated fluxes. In general, it is
recommended that the simplest orbit generators be used to generate

orbit tapes for input to Program ORP.

In summary, there are important limitations on the orbit-accumu-
lated fluxes generated by Program ORP resulting from averaging pro-
cesses in the model. In addition, there may be errors in the accumu-
lated fluxes over and above those introduced by model error. Both
the limitations and the errors are very orbit-dependent, and no gen-
eralized quantitative statement may be made about either. However,

Table 7 is an attempt at estimating the error in the LS and IS Tables
for circular orbits at 150, 1500, 5000, and 15,000 n.m. (approximately
277, 2778, 9260, and 27,780 km, respectively) and O-degree and 90-degree
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inclinations. The total times and time intervals shown in Table 4 were
used for the orbits, and the accumulation bins described previously
were used in the IS and LS Tables. The estimated maximum and mini-

mum model error is shown for each orbit for the solar maximum and

solar minimum electron models. In general, the maximum model error
occurs at the highest energy encountered on each orbit, and the mini-
mum model error occurs at the lowest energy encountered. The total
maximum and minimum errors are given for solar maximum and solar min-
imum, including the effects of table accumulation errors. No error
greater than a factor of 10 is estimated. It is emphasized that this
table is not intended to give a definitive statement of the accuracy

of the IS and LS Tables, but merely to give some indication of the
accumulated fluxes. It is clear from Table 7 that the model error is
the most significant contributor to the final total error for the

orbit total times and time intervals used for this table. If the total
time is reduced or the time interval is increased significantly, accumu-
lation errors become relatively more significant. Conversely, accumu-
lation errors become less significant if the accumulation bins are
increased in size. The conclusion to be drawn from Table 7 is that

the errors associated with the IS and LS Tables are sufficiently large

for the accumulated fluxes to be regarded as approximate figures only.
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APPENDIX D
PROGRAM ORB

Program ORB is a simple orbit generation and B-L calculation pro-
gram that is primarily used for generating orbit tapes for input to
Program ORP, described in the previous section. Program ORB is a
FORTRAN IV program written for the IBM 360 series machines; however,
the program is also operational on UNIVAC 1108 machines. The program
exists in two versions, both sharing a common MAIN. The two versions,
1 and 2 respectively, contain a Brouwer orbit generator (Brouwer 1959)
and a Lyddane orbit generator (Lyddane 1963). The former is more
suited to orbits with eccentricities greater than 0.1, while the latter
is better suited to less eccentric orbits. Both versions will operate
for small eccentricities, but there are certain restrictions that will

be discussed in a following paragraph.

Sample ORB output is shown in Figure 55. The line printer output
is under control of the input parameter IPR. Using this parameter,
either a point-by-point listing of the generated orbit may be obtained,
or the first five and last five generated points may be output only, as
shown in Figure 55. The tape output is under control of the input var-
iable ITAPE, which allows either a binary or a BCD output tape to be

written. Both output tapes are compatible with Program ORP.

As noted in the previous section, binary tape output is generally
to be preferred, since less computer time is required for a binary
WRITE. The time interval between successive points on the orbit tape
is defined by the input parameter DSEC, and the total time covered by
the generated orbit is specified by the parameter SECMAX. For circu-
lar orbits, the time interval should remain constant, but for eccentric
orbits it may be advantageous to vary the interval with altitude for
radiation belt studies. If required, Program ORB will read in the

parameters A and C and compute the time interval from the expression
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DSEC = A + (C x altitude).

If this option is used, DSEC is output as zero, and the above expression
is written out on the line printer. The number of orbit points gener-
ated and the average altitude are written on the line printer together

with the nominal period computed from equation 1.

ORB contains an algorithm for controlling the B and L values writ-
ten on the output tape. The B-L calculation is performed at every orbit
point using the routine INTEL (Sugiura and King, 1973) with the IGRF
1965 magnetic field model (TIAGA 1969) updated to 1970. Under control
of the parameter LIMIT these B and L values may be written to default
values on the output tape if the point is outside the broad region of

the radiation belt. Program ORB defines this region as

L > 11.0 earth radii
or L < 1.1 earth radii
or B> 0.2 + 0.05L gauss for L < 2.4 earth radii
or B> 0.604 gauss for L > 2.4 earth radii.

The default values DEFB and DEFL are specified to be zero by a DATA
statement in Program MAIN. These default values are automatically re-
jected by Program ORP with a consequent saving of computer time (see

Section 3.2).

A variable IORB determines the version of Program ORB to be used.
Each deck contains one orbit generator only and includes dummy routines
for the other. If the value of IORB and the generator included are

incompatible, an appropriate error message is generated.
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The input card format to ORB is as follows:

Card No. Variable Name Cols. Format Function

a HEAD 1-76 19A4 Arbitrary header
information output

on both tapes and

printer.
b 1-38 2D15.8,
4(2X,12).

SECMAX 1-15 D15.8 Total Time of orbit
in seconds. Program
terminates for DSEC=-1.D0

DSEC 16-30 D15.8 Time Interval in
seconds. If
DSEC=0.0D0, card C
is read.

IPR 33-34 12 IPR=1 for point-by-

point printer output;
IPR=0 for first
five and last five
points only output
on line printer.
ITAPE 37-38 12 ITAPE=0 for binary
tape output;
ITAPE=1 for no tape
output;
ITAPE=2 for BCD tape
output.
LIMIT 41-42 12 LIMIT=0 for B-L
algorithm;
LIMIT=1 for no B-L

restriction on tape.
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Card No. Variable Name Cols.

IORB 45-46

c 1-30
A 1-15
C 16-30

d 1-45
ELEM1(1,1) 1-15
ELEMI (1,2) 16-30
ELEM1 (1, 3) 31-45

e 1-45
ELEM1(1,4) 1-15
ELEM1(1,5) 16-30
ELEM1(1,6) 31-45

£ Same as card 1.

g Same as card 2 etc.
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Format

12

2D15.8

D15.8

D15.8

3D15.8
D15.8

D15.8
D15.8
3D15.8
D15.8
D15.8

D15.8

Function

IORB=0 for Version

1 (Brouwer generator);
IORB=1 for Version

2 (Lyddane generator).
Card read for
DSEC=0.0D0 only.
Coefficient for orbit
time interval in sec-
onds - (equation 3).
Coefficient for orbit
time interval in sec-

onds/km - (equation 3).

Semi-major axis in
earth radii.
Eccentricity.

Inclination in degrees.

Mean anomaly in radians.
Argument of perigee

in radians.

Right Ascension of
ascending node in

radians.

Program terminates

for DSEC=-1.0D0



There are a number of restrictions on the values of ELEM1(1,2) and
ELEM1(1,3). For Version 1.0, the eccentricity may not be entered as zero.
If this version is used to generate circular orbits, ELEM1(1,2) should
be entered in the range from 10~° to 10~%. For larger values of eccen-
tricity, altitude and L variations become significant for lower alti-
tudes. For smaller values, program interrupts occur, and spurious L
values are generated. For Version 2.0, (the intended version for small
eccentricities), eccentricity may be entered as 0.0D0. The inclination,
ELEM1(1,3), may not be entered as zero in either version. A value in
the range from 107° to 10”7 degrees should be used for zero-inclination
orbits. Larger values result in nonzero latitudes, and smaller values

result in program interrupts.

The output BCD tape (ITAPE=2, card b) is written on unit 10 and

the format is as follows:

Record Variable Format Function
1 HEAD 19A4 Orbit Header as input on
card a.
2 to i+l 6E18.8 i successive orbit points.
XXLONG E18.8 Longitude (degrees)
XXLAT E18.8 Latitude (degrees)
XALT E18.8 Altitude (km)
XB E18.8 Magnetic field strength
(gauss)
XXL E18.8 Mcllwain L parameter
(earth radii)
XHOUR E18.8 Time from start of orbit
(hours)
i+2 36X,F5.0
TALT F5.0 Written to -100.0 to

indicate end of orbit.

i+3 Same as record 1 for next orbit.
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The variable TALT written to indicate the end of the orbit is set
equal to -100.0 by a DATA statement in MAIN. This is recognized by Pro-
gram ORP as an end-of-orbit flag.

The unformatted binary tape is written on logical unit 10. The
variables are written in the same order as the BCD tape, with the excep-
tion that the i+2 record is a repeat of the i+l record with altitude

set equal to -100.0 km.
The suggested deck setup for IBM 360 series machines is as follows:

//Job Card
//EXEC FORTRANH,PARM='MAP,OPT=2',REGION. SOURCE=300K.
//SOURCE.SYSIN DD *
Source Deck
/*
//EXEC LINKGO,REGION.GO=150K
//LINK.OBJECT DD * (if Object deck included)
Object Deck (if any)
/* (if object deck included)
//GO.FT10F001 DD (output tape information appropriate to value of
ITAPE input on card b)
//GO.SYSUDUMP DD SYSOUT=C
//GO.DATAS DD *
Data Deck
/*
//

Program ORB generates and outputs on tape approximately 5x10* orbit
points on the IBM 360/75 in approximately 8 minutes of cpu time and
0.5 minutes of I/0 time. These figures are appropriate to binary out-
put. For BCD tape output, approximately 12 minutes of cpu time are

required.

A summary of the ORB decks issued by NSSDC is given in Appendix A.
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Table 1. Omnidirectional Flux Confidence Codes for AE-5 1975 Projected

Code B range L range E range Comment
1 >By* <1.25 >3 MeV Extrapolation on B, L,and E
2 By <1.25 >3 MeV Extrapolation on L and E
4 All >1.3 >3 MeV Extrapolation on E and B
5 All 1.3-1.6 0.5-3 MeV Starfish model used to
estimate artificial flux
Agrees with pre-Starfish
data at E ~ 1,6 MeV
5 All 1.9-2.4 >250 keV Storm effects. Corrected
for 0V3-3 data.
6 All 1.3-1.9 0.7-2.5 MeV Corrected for OV3-3 data
6 All 1.9-2.4 40-250 keV Solar cycle parameters used
7 All 1.6-1.9 40-600 keV Solar cycle parameters used
8 All 1.3-1.6 40-500 keV Solar cycle parameters used.
Code Model Accuracy
8 Factor of 3 to 4
1 Order of Magnitude

*Bo = Equatorial B value.
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Table 2. Omnidirectional Flux Confidence Codes for AE-5 1967

Code B range L range E range Comment
1 >Bg <1.25 > 3 MeV Extrapolation on B, L,
and E. No data
2 B, <1.25 > 3 MeV Extrapolation on L and
E. No data
4 All B >1.3 > 3 MeV Extrapolation on E and B
4 A1l B <1.25 < 3 MeV Extrapolation on L and B
5 All B 1.9-2.4 > 250 keV Magnetic storm effects
present
6 Bo 1.9-2.4 < 250 keV Conflicts with new data
6 All B 1.3-1.9 700-2000 keV Too high due to 0V3-3
data
8 > B 1.9-2.4 < 250 keV Agrees with new data
10 All B 1.3-1.9 < 700 keV Favorable comparison
with new data.
Code Model Accuracy
10 Factor of 2
1 Order of magnitude
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Table 3.

Energy Ranges of Data Sets

Satellite Channel Eiectron Energy Type of Measurement
Range (MeV)
0GO 3 1 0.036-0.133 Unidirectional Differential
2 0.133-0.292 Electron Flux.
3 0.292-0.690 June 1966 - December 1967
4 0.690~1.97
5 1.97 -4.74
0vV3-3 1 2.147-2.472
2 1.88 -2.2
3 1.615-1.925
4 1.329-1,651 Unidirectional Differential
5 1.075-1.375 Electron Flux.
6 0.814-1.099 August - December 1966
7 0.574-0.849
8 0.35 -0.6
9 0.225-0.375
Omnidirectional Integral
Explorer 4 > 2.0 Total Particle Flux. Protons
> 43 MeV July - October 1958
Omnidirectional Integral
Explorer 12 >1.6 Total Particle Flux. Protons
> 21 MeV August -~ September 1961
0G0 5 1 0.056-0.102
2 0.122-0.194
3 0.23 -0.302 Unidirectional Differential
4 0.427-0.531 Electron Flux.
5 0.637-1.007 March - June 1968
6 1.27 -1.79
7 2.55 -3.09
0SO 4 1 0.08 -0.121
2 0.121-0.171 Unidirectional Differential
3 0.171-0.258 Electron Flux.
4 0.258-0.537 March 1968
5 0.537-0.900
6 0.45 -0.55 Unidirectional Differential
0vV1-13 4 7 0.62 -0.72 Electron Flux.
8 0.85 -0.95 May - June 1968
AZUR 1 > 1.5 Omnidirectional Integral
Total Particle Flux. Pro-
tons > 20 MeV December 1969
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Table 4. Required Orbits for Accumulation Error to be Less Than a Factor of Two

Inclination (degs) 30 0 90
Altitude (n.m.) 150 | 1500 5000 15000 150 1500 5000 15000
Total Time 1.5 0.5 1.0 12.0 1.5 1.0 4.0 48.0
(Days) (1.0) | (0.5) (@1.0) (@z2.0) 1) (1.0) (2.0) (24.0)
Time Interval 0.5 1.0 4.0 48.0 0.5 0.5 2.0 12.0
(Minutes) (2.0) | (3.0) (6.0) (72.0) (2) (3.0) (6.0) (72.0)
Total Number 4320 720 360 360 4320 2880 2880 5760
of Points (720) | (240} (240) (240) (720) (480) (480) (480)
Number of Points 180 144 88 22 180 288 176 88
per Revolution (45) (48) (58) (15) (45) (48) (58) (15)

l

Figures in parentheses are for 30 percent FOS and IF tables.
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Table 5.

Coefficients for Time Interval Ty

altitude (n.m.) a, a, a,
150 - 1500 0.301 3.344 x 1073 0.956
1500 - 12000 1.193 3.344 x 1073 3.79

12000 - 18000 5.154 3.344 x 1073 19.95

Table 6. Coefficients for Total Time T

altitude (n.m.) a, a, a,
150 - 1500 -0.176 0 -0.559
1750 - 4500 0.567 -3.344 x 1073 1.840
5000 - 12000 0.567 -6.690 x 10-3 1.840
12000 - 18000 6.874 -6.690 x 1073 27.568
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Table 7. Accuracy of Orbit-Accumulated Fluxes
Inclination (degs) 30 0 90
Altitude (n.m.) 150 | 1500 5000 15000 150 1500 5000 15000
Max. Model 10 10 9 6 10 7 8 10
Error (10) (8) (8) (6) (10) (7) (8) (10)
Min. Model 7 3 5 4 4 5 5 5
Error 6) (2) (4) (4) (4) (5) (5) (5)
Max. Table 10 10 10 10 10 10 10 10
Error (10) (10) (10) (10) (10) (10) (10) (10)
Min. Table 8 3 6 5 5 6 6 6
Error (7) (3) (5) (5) (5) (6) (6) (6)

The figures in this table are factor errors; i.e., "7" indicates an error

of a factor of 7.

electron model AE-5 1967.
AE-5 1975 Projected.

The figures in parentheses are for the solar maximum

The figures not in parentheses are for model
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OMNIDIRECTIONAL INTEGRAL FLUX MAP
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108

A

|
Er= 500 keV

/.STARFISH~

//\FL{X./

A

————— 1967 Flux, corrected for
OV 3-3 efficiency change

— 1967 Flux, with Starfish flux
component removed

AE-5 1967

AE-5 1975
Projected

1.

Figure 24,

1.6 1.8
L Value (earth radii)

Inner Zone Electron Radial Profiles

N =

2.2

105

2.4



Omnidirectional Equatorial Flux (electrons/cm2 -sec)
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Equatorial Omnidirectional Flux (electrons/cm? -sec)
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Unidirectional Flux (electrons/cm? - sec-ster-MeV)
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Unidirectional Flux (electrons/cm2 ~sec-ster-MeV)
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Unidirectional Flux (electrons/cm2-sec~ster-MeV)
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Unidirectional Flux (electrons/cm2 -sec-ster-MeV)
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Unidirectional Flux (electrons/cm?2 -sec-ster-MeV)
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Unidirectional Flux (electrons/cm?2 -sec-ster-MeV)
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Unidirectional Flux (electrons/cm?2 ~sec-ster-MeV)

107

106

103

104

108

102

L1111

AE-5 1967

I

I

1Ll

& OV1-13 670 keV Day 134-190, 1968

X 0OSO 4700 keV Day 60-90, 1968
O OV3-3 711 keV Day 269-273, 1966

Model 575-775 keV

] ] | |

AE-5 1975

/._

Lo I

Lot Ll |

Figure 34.

50 60 70 80

Equatorial Pitch Angle ag (deg)

Equatorial Pitch Angle Distribution, L = 1.8

115

90



Equatorial Perpendicular Flux (electrons/cm2 -sec-ster-MeV)
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Figure 35. Differential Spectra at L = 1.3
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Equatorial Perpendicular Flux (electrons/cm? ~sec-ster-MeV)
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Figure 36. Differential Spectra at L = 1.4

117



Equatorial Perpendicular Flux (electrons/cm? -sec-ster-MeV)
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Figure 37. Differential Spectra at L = 1.6
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Equatorial Perpendicular Flux (electrons/cm?2 sec-ster-MeV)
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Figure 38. Differential Spectra at L = 1.8

119



Unidirectional Flux (electrons/cm2 -sec-ster-MeV)
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Unidirectional Flux (electrons/cm? ~sec-ster-MeV)
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Unidirectional Flux (electrons/cm? ~sec-ster-MeV)
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Unidirectional Flux (electrons/cm2 —sec-ster-MeV)
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Unidirectional Flux (electrons/cm2 ~sec-ster-MeV)
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Unidirectional Flux {electrons/cm?2 -sec-ster-MeV)
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Unidirectional Flux (electrons/cm2 -sec-ster-MeV)
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Figure 45. Equatorial Pitch Angle Distribution, L = 2.0
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Unidirectional Flux (electrons/cm2 -sec-ster-MeV)
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Omnidirectional Flux (electrons/em?2 -sec)
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Omnidirectional Flux (electrons/cm2 —sec)
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Omnidirectional Flux (electrons/cm?2 -sec)
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Omnidirectional Equatorial Flux (electrons/cm2 -sec)
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FCINT BY POINT (IMTERMEDIATE) PRINTOUT PAGE 31

STANDARD CIRCULAR CRBIT 1500 NM ALTITUDE 90 DEG INCe

MODEL USED = AE4-SMIN THRESHOLD ENERGIES(MEV)e
LONGITUDE  LATITUDE  ALTITUDE 8 L TIME (FRS)  INCREMENT (SEC) 04250 04500 06750

257462 -59+89 2077E 03 0414310 24988 164153 3040 6.07E 04 2437€ 04 1eS7E
257450 ~61e11 2477E €3 0e14503 34113 164167 3040 1430 05 4497E 04 343BE 04
257437 -62031 2077E 03 0414794 34259 164175 3040 2408E 05 8e39E 04 Se75E 04
297.25 -63458 20786 03 0415025 dea21 164183 3040 2436E 05 1+ 01E 0S5 6eB7E 04
267412 ~€4e75 2077E 03  0.15263 3e592 160162 3040 2473€ 05 1s20E 05 Be13E 04
257400 ~664C6 2.77E 03  0s1551% 3.766 164200 3040 3432E 05 1443E 05 9¢79E 04
256487 ~67029 2077E 03 0015755 34996 164208 30.0 4041E 05 1e97€ 05 1.37€ 05
25€.75 -68452 2eT7E 03 0415950 44230 164217 3040 5e89E 05 2486E 05 1e97E 05
25€462 -59¢76 24776 03 016223 44489 16s225 3040 Je27E 05 44408 05 2499E 05
25€450 -7CeS9 2e7TE 03  0Os16456 44773 160233 3040 Be7HE 05 4e7BE 05 249%E 05
25€437 -72+23 24776 03 0.16645 54101 166242 3040 8e76E 05 4e70E 05 2474E 05
29€425 ~734 26 2¢77€ 03 0e16914 54863 164250 3040 7e40E 05 Je59E 05 2403€ 08
2S€at2 -74470 2e77€ 03 Osl1714l 54874 164253 3040 SeEOE 05 2455E 05 1e36€ 05
25€400 ~75¢$3 207IE 04  0e17352 64345 16267 3040 4.01E 0S8 10498 05 7.43E 04
255,37 -77415 2077E 03  0e17569 6+366 164275 30.0 2445E 05 7TeSUE 04 3e28E 04
25£475 -78443 20718 03 0417791 74453 1662834 30,0 1e11E€ 06 2.45E 04 Be3%E 03
29,62 ~T7%e €7 2e77C 03 016001 34201 164292 3040 3e21c 04 36648 03 9s04E 02
295450 ~GCeE6 24776 03 OslUl&S ©e9d3 154300 3040 6679 03 44028 02 6e01E 01
25€437 -82413 2477 04  Oel83E6 4983 164308 3040 Ye26E 02 1eS1E 01 040

34 ORBIT PCINTE HAVE JEEN OMITTED FROM TABLE AS EBOTH B AND L WERE ZERO.
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11C400 —-44,€7 2e¢ VEE 03 Qe 15583 Lef35 166667 3040 730 05 4401E 05 2642E 05
1CSe87 ~42e 47 Qe 7B 03 Os1%343 4e509 164675 3040 6e74£ 0S 3e6ZE 05 Ze4liz 0S5
105475 —=42e26 2¢78E 03 0e 19705 4273 164683 3060 4ev4k 05 2e44E 05 1e68E 05
10562 -414C3 2¢ 73E 03 0619563 44004 166692 300 3e55E 05 1e 59 0S5 lelle 05
1C5e50 ~39e78 2e¢ 73 03 0e 19412 36750 166700 3040 24E5E 05 1e¢10E 05 TeS53E 04
10537 =-3d9e52 26 TEE 043 0el16242 3JeS538 164708 3060 2e01E 0S5 8.78 04 Se95z 04
1€Se25 —-3726 247062 03 0s19053 34340 16717 3040 167 05 0e9SE 04 4e 7T5E 04
1CSei2 =-3€s (2 2e 75 03 Ce 10H5% de163 166725 3040 1a1%E 05 4063E 04 Jel7E 04
10500 ~34.7% 2e7uE 03 Qe 13060 34004 106733 30.0 4e71c 04 1e71E 04 lel4E 04
1CE$87 -33eE8 2e¢7aE 03 Oe 18472 24859 166742 3060 1le03E 04 2eB3E 03 le79E 03
1CEe7T 3 —32432 2e T3 03 Qe 18270 24727 164750 300 6488 03 LeSIE 03 Te50E 02
1C€e62 ~3le10 2e 7o 03 Ce 10060 24607 lbe75s 3000 La2€E 04 2¢34E 03 BeSYE 02
1CE2S0 —23ES 2 7TLE 03 Oel7306 24496 164767 3060 24 £EZ Q2 3e60E 0J le0JE 03
1C£a37 —-23e €1 2e TEE 03 0e 17637 24375 lbe?775 30,0 S5e23E 0o Se42E 03 1e23C 03
1C€e25 -27¢27 Ze TEE 03 Oa 17415 20302 166753 3060 7 «24E 04 TeOlE 03 1+53€ 03
1C€el2 —-26e 14 ze 788 03 Vel7194 24217 164752 3060 1407 05 Ve 63E 03 2402 03
1CE€400 -24050 2478E 03 Qe 1 65€1L 24138 164800 3060 le51E 05 1.28E 04 2.78E 03
1C7487 ~23e €S 2e78E 03 Qe 16729 2e40€5 lve£0a 3040 24¢BE 0S5 leBOE 04 4¢12E 03
1C7475 —-22042 24 T8E 04 Qe 16500 14999 166317 30.0 3¢4TE 05 2457E 04 6el?c 03
1C7+62 —Z21e17 2¢ T8 03 Qe 1 6261 Le?37 16923 3060 feE3L 05 J«63E 04 de7bc 03
10750 -19e 52 24788 03 Oe 16028 1880 164833 3000 ©el9E 0S5 54472 04 Le35E 04
1C2.37 ~18071 2e 79C VI Oe 15771 leb29 154342 3060 Y470 05 be78E 04 2425E 04

Figure 51. Point-by-Point Table, ORP Version 2.0
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L BAND SUMMARY PAGE 1

AVERAGE INTEGRAL FLUX wITHIN ENERGY EANDS

(PARTICLES 7/ (CM*%x2 — DAY})

STANCARD CIRCULAR ORBIT 1500 MM ALTITUOE O DeC INCe

MOLELS USCD = AE4=SMIN

TOTAL TIME = 0«50 DAYSS TIME INTERVAL = 100 MIN,
ENERGY L VALUES
RANGES 100 l1e22 1e27 1e32 le 37 1045 1e55 le65 le75 1685 195 2405
(VEV) TO T TO TO TO TO TO TO TO TO TO TO
1022 127 1632 1e37 1e45 1e55 165 le75 1+85 1e85 20 05 2el5
Ca0E~ 0e2b 080 Ue O Oe O 040 3e0SE 12 241LE 12 296E 11 000 0e0 Oe O Oa 0 Oe0
0e2€= 0350 0.0 Oe 0 000 O0e0 4ad5k 11 Je55E 11 €eLlT7E 10 OeC Ge 0 0e 0 Ge O Qe 0
0eSG- Ca7b 040 0e 0 00 Oe 0 3e22E 10 6627 10 1403E 10 0.0 0e0 Oe 0 0e 0 Oe0
Ne?E- 1400 040 0.0 0e O Oe 0 C2e60E 10 2401z 10 3JeldE €5 060 0.0 00 0e 0 0e0
1400~ 1425 040 Qe 0 Ce 0 Oe0 lel3€ 10 JeOSE 0OV 1e15E 05 0.0 Ce0 Oe 0 Oe 0 Oe0
le2E8~ 1e€0 060 0e¢ 0 0s0 Oe 0 6e3f 09 SelbE 09 7el4E C8 Va0 Ge0 0e 0 0e 0 Qe 0
168C— 1475 0e0 Oe 0 Oe O Ce O 3+78E 09 249EE 09 J3e93E CE 000 0«0 00 Oe O Oe0
le7E8— 2000 O0Oa¢C 0e0 06 0 0e0 2e50E 09 2e01E 09 26462 03 0e0 0.0 0e 0 Ol Oe0
200C- 2425 060 0.0 O 0 O0e 0 leS4E 09 1ledsE Oy leB31E C&8 060 Qe 0 0e 0 0¢ 0 0e0
2eEE- 2050 040 0e 0 0e 0 0e 0 leOvE 09 HelbE 08 1lel%: 0d 0e0 Ge0 Ge 0 Oe O Ve 0
Z2eS50- o735 0aC 0.0 0.0 0.0 Le39F 09 1+25€ 09 1443L 08 0.0 040 0.0 el Qe 0
2075~ 3400 0Oe0 0¢ 0 Qs 0 040 SeShE 08 Ae71E 03 Ee22E 07 0e0 00 0e O [ XXy Qe 0
3eCC~ 3025 0e0 0s 0 0e 0 Qe 0 2065 08 2602t 03 264086 C7 060 00 0e 0 0e 0 Oe0
3e2E- 3450 0Ve0 Oe 0 040 Ve 0 7e75E Q07 Se8lE 07 €e4lE 0€ 0OeO 040 00 0 Oe 0 Qe 0
3eEC— 375 0e0 Oe 0 Oe 0 Qe 0 20278 07 167k 07 1eS7E 00 Qe 000 0e 0 Qa0 Qe0
2a7E= 4400 Qe0 Qe ¢ Ve O Qe beb63k 06 4LeBLlE 06 0e06k CGE 060 Ge0 0e O Oe 0 Oe0
4e40C~ 4425 0e0 0e 0 0e O Ce 0 1eG3E 06 16335 06 14902 €S 0e0 Oe0 Oe 0 Oe 0 Oe0
deZ2E- 4450 000 0e0 0s 0 0e0 56S52E 05 4e00E 05 Ee37E 04 0.6 0e0 Oe O 0e0 Qe l
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CeCC 0a0 0e 0 Oe 0 0e 0 Oe0 Oe0 0«0 Oe 0 0e0 00 0e 0 0e0
TCTAL = OeC Oe 0 0e 0 0e0 3e67E 12 2eE4E 12 L474E 11 060 GCeO 0e 0 00 Vel
NP1 = 0 o [ o} a1l 252 so o} 0 ] 0 o}
NP2 = c [« 0 0 311 252 So [0} o] o] 0 Q
NSIZ& = 0 0 o 0 411 252 56 0 o] 0 Q 0
NP1 = NUMBER JF O0%BIT POINTS FOR wHICH NJIN ZERO FLUX WAS SNCCTUNTERED ABOVE 0eU5 MEV
NO2 = NUMHBER OF OPBIT POINTS FGR WHICH NON ZzRO FLUX WAS ENCOUNTLRED ABOVE 0e50 MEV
NSIZE = NUMBER OF ORBIT POINTS LYING IN L $3AND.

Figure 52. L-Band Summary Table, ORP Version 2.0
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Figure 54, Peak FTux per Orhit Table, ORP Version 2.0
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